The changes in mammary, uterine and seminal vesicle growth were intended to identify the in vivo activity of estrogen antagonists. Using the combinations of hormone agonist and antagonist, we tested and compared four model systems, the young intact and adult gonadectomized male and female mice. Steroidal antiestrogen ICI 182 780 (ICI) always behaved as an antiestrogen: ICI alone or in combination with estradiol (E) or progesterone (Prog) decreased mammary and uterine growth in prepubertal and adult ovariectomized (OV-X) females and decreased mammary growth in prepubertal adult castrated males treated with E. In prepubertal males ICI alone or in combination with Prog or E also increased seminal vesicle weights. Nonsteroidal antiestrogen EM-800 (EM) alone, on the other hand, had no effect on mammary and uterine growth in prepubertal females, and in adult OV-X females uterine growth was even stimulated by EM alone, and a combination of EM plus Prog stimulated not only uterine growth but also mammary growth ( the estrogenic effects). EM synergized with E in decreasing seminal vesicle weights in E treated prepubertal males. However, EM decreased E stimulated mammary growth in prepubertal and adult gonadectomized females and males and E stimulated uterine growth in prepubertal and adult OV-X females. EM increased Prog stimulated seminal vesicle weights in prepubertal males (the antiestrogenic effects).
Estrogens and progesterone regulate the development and maintenance of the female reproductive system. Despite the classical contention that estrogen is the female hormone, compelling evidence indicates a pivotal role of estrogen in the regulation of development and function of several systems in the male (Tena-Sempere et al. 2000) . In the male, the physiological role of estrogens involves multiple actions, from masculinization of brain areas related to reproductive function and sexual behavior to regulation of testicular development and function, as well as direct effects on bone and the cardiovascular system Sharpe 1998) .
Many of the biological effect of estrogens are mediated by their binding to nuclear receptors. Nuclear hormone receptors represent an evolutionary conserved class of transcription factors being present from flies to mammals (Beato et al. 1995) . Upon binding the estrogenic compound, the transcriptionally inactive estrogen receptor (ER) undergoes conformational (activating ) changes that facilitate the interaction of receptor with specific palindromic DNA sequences (estrogen response elements) within the regulatory regions of target genes as liganded receptor dimers. However, all estrogenic compounds do not produce the same conformation of receptors, and the ability of ligand-bound receptors to regulate target gene transcription is determined by the cell-and tissue-specific expression of both different coactivator and corepressor proteins that impact the ER signalling pathway (Paige et al. 1999 ). Adding to this complexity there are two ER subtypes -ER α and ER β (Kuiper et al. 1996) . In man, the genes for the two ER are located on different chromosomes and have a different but overlapping distribution pattern in different cells ). In addition it has been shown that one estrogenic compound may be bound with different affinities to the various receptor variants (Kuiper et al. 1997) or may exhibit different agonist antagonist activities (Barkhem et al. 1998) . Moreover, it must be assumed that heterologous (ER α + ER β) dimerization products may form following binding of the ligand (Cowley et al. 1997; Hoffman and Schuler 2000) .Thus, depending on the expression of receptors in a target tissue, different responses may be induced by the same ligand.
Steroid receptor antagonists exhibiting a competitive binding to the ER have been developed and are presently in use for therapy in human medicine. In animals, however, apart from the application in laboratory animals there are data from experimental use in domestic animals (Jacobs et al. 1988; Janowski et al. 1996; All-Matubsi et al. 1998; Robertson et al. 2001) .
Large number of natural and man-made chemicals with widely diverse chemical structure has the ability to mimic or inhibit the action of the endogenous estrogens by binding to and activating their receptors (Payne et al. 2000) . This diversity makes it difficult to predict estrogenic or antiestrogenic activities on structural bases or radioimmunoassay. The detection and characterization of agents as estrogen agonist and antagonist necessitates the integrated use of in vivo and in vitro assays. However, the critical objective is to detect chemicals that may be active in vivo, thereby taking into account bioavailability and metabolism of a substance in animals.
Recently, we tested and compared four model screening systems for identification and characterization of steroid hormone agonist and antagonist activities in vivo ( ·karda 2001; 2002 abc, 2003 Hufriy et al 2003; Köhlerová and ·karda 2004) . Screening systems are based on simultaneous evaluation of a combination of several endpoints (mammary, uterine, seminal vesicles and spleen growth responses) in prepubertal intact and adult ovariectomized (OV-X) females, and prepubertal intact and adult castrated males. Using four model systems is possible to determine different interactions of steroid hormone agonists or antagonist with endpoints in four different but standardized animals. It is also useful for the assessment of mixture effects of compounds with steroid hormone agonist and antagonist activities. This bioassay is both robust and versatile and it gives both higher sensitivity and higher specificity than one or two model systems (·karda 2002 abc). Period of hormone treatment is long enough to stimulate/inhibit mammary gland and uterine growth and mimic exposure to constant level of a compound for a significant phase of life much like that achieved in animals exposed to hormonally active xenobiotics. The changes in organ growth were determined following administration of a tested compound alone or in combination with hormones known to stimulate or inhibit organ growth.
Detection of estrogenicity of a compound is based on the stimulation of mammary and uterine growth and inhibition of seminal vesicle growth in the presence and absence of Prog. In general, the sensitivity of estrogenic assay on the mammary gland and seminal vesicles of prepubertal males is the same as that on female uterus but lower than that on female mammary gland (·karda 2002 ab; Hufriy et al. 2003) . The specificity of the assay is, however, highest in male mammary gland as mammary growth in females is also stimulated with Prog alone and uterine weight is stimulated not only by E alone but also by testosterone and some antiestrogens (Köhlerová and ·karda 2004). Thus, uterine weight may be modulated through mechanisms that do not directly involve ER. The present data show that our four model systems has the ability to distinguish pure antiestrogens and selective estrogen receptor modulators (SERM). The identification of progestational compounds is mainly based on their ability to synergize with maximal dose of estrogens to produce a higher growth rate of mammary epithelial structures than that observed in mice treated with E alone. The formation of tubulo-alveolar buds and lateral branches is very sensitive parameter of progesterone action. Both antiprogestins and antiestrogens antagonize the effect of E plus Prog or NA-stimulated mammary and uterine growth and pure antiestrogens stimulated seminal vesicle growth in young intact males (Köhlerová and ·karda 2004; present results).
Detection of androgenic activity is based on the stimulation of seminal vesicle and uterine weights and on inhibition of E or E plus Prog stimulated mammary growth. Mammary growth may also be inhibited by glucocorticoids. To determine whether androgens or glucocorticoids cause inhibition of mammary growth, it should be realized that glucocorticoids in contrast to androgens have no ability to increase seminal vesicle weight in adult castrated males and that androgens in contrast to glucocorticoids have no ability to decrease spleen weights. The identification of antiandrogenic compounds consists of the following endpoints: inhibition of testosterone (T)-stimulated seminal vesicle and uterine growth; compensation of T -inhibition of mammary growth. The sensitivity of androgen and antiandrogen assays is of course highest on seminal vesicles than on the uterus and mammary gland (·karda 2002c, 2003) .
The aim of the present study was to characterize and compare the action of pure steroidal antiestrogen ICI 182 780 (ICI) and non-steroidal antiestrogen EM-800 (EM) in four model systems. We show that ICI behaves as an antiestrogen in the mammary gland, uterus and seminal vesicles of animals treated with Prog or E. Antiestrogenic activity of EM was also demonstrated in the mammary gland and uterus of animals treated with E, however, in adult OV-X females treated with Prog EM acted as an estrogen agonist. In E treated young intact males EM synergized with E in decreasing seminal vesicle weights, however in Prog treated animals EM behaved as an antiestrogen.
Materials and Methods

Materials
Progesterone (Prog), 17βestradiol (E), t-amylalcohol and methylsalicylate were purchased from Sigma-Aldrich (Prague, Czech Republic). 2,2,2-Tribromethanol (Fluka Chemie AG, Buchs Switzerland) was used for preparation of Advertin. Hematoxylin was bought from Merck (Darmstadt, Germany). Non-steroidal antiestrogen EM-800 (EM) was a gift from Oncology and Molecular Endocrinology Research Center, Laval Univ. Med. Center (Québec, Canada). Steroidal antiestrogen ICI was obtained both as a gift from Zeneca Pharmaceuticals, (Maclesfield, UK) and as goods purchased from Tocris Cookson Ltd., (Northpoint Fourth Way Avonmonth, UK). Hormones and antihormones were dissolved in oily vehicle (Köhlerová and ·karda, 2004) . Heavy-duty Kapak/Scotchpak heat seable pouches were purchased from KAPAK Corporation (Minneapolis, MN, USA).
Animals
Outbred C3H mice were from our colony. Animals were maintained on a 12h light/12h dark lighting schedule (light 06.00-18.00 h), fed pelleted nutritionally complete diet TOP Velas (Lysá n. Labem, Czech Republic). The diet and water were allowed and libitum and the daily routine in the vivarium was constant. To minimize variation of the dose-response relationship of injected hormones, all young animals were weighed at the age of 18 days and only animals weighing 8.5 ± 1g were randomly distributed into the treated groups or used for further breeding.
Young intact (at 18 days of age) and adult gonadectomized (females were ovariectomized at 22-24 days of age, i. e. before the allometric growth phase of the mammary gland; males were castrated at 30-35 days of age) mice were used. Gonadectomy was performed under Avertin anesthesia and administration of compounds begun 15-20 days after operation. Animals were s. c. injected 50 µl of oily vehicle (control) or a compound in oily vehicle for 10 or 15 days in females and males respectively. Doses of hormones are expressed in µg per day pro toto. Mean weight of young intact females was 11 g, young intact males 13 g, adult ovariectomized (OV-X) females 21 g, adult castrated males 24 g. At the end of treatment and within 24 h of the last hormone administration, animals were weighed and killed. The first pair of inguinal mammary fat pads was removed for whole-mount. Mammary fat pads of males that showed no detectable mammary gland (10%) were excluded from the data set, not detectable mammary gland was usually from one side, mammary gland from the other side was used for evaluation. Uteri, spleen and seminal vesicles were dissected out and weighed wet on a precision electronic balance. Spleen weights were not significantly affected by both antiestrogens and antiprogestins and hence were not presented. Weights of uteri and seminal vesicles before expressing the fluid secretion are presented. All experimental procedures were conducted in compliance with the highest standards of humane animal care and approved by the Ethical Committee of the Institute of Animal Physiology and Genetics of the Academy of Sciences.
Mammary whole-mount preparation and quantitative histology
Mammary fat pads were spread as flat as possible, put into Carnovy's fixative and processed as described earlier (Köhlerová and ·karda 2004).
A modification of Chalkley's morphological analysis was used to determine the percentage area of the mammary fat pad occupied by mammary epithelial structures on enlarged (× 12) photographs of the mammary whole-mount ·karda 2003).
Statistical analysis
All data represent mean ± SEM. Statistically significant difference was determined by ANOVA, followed by the Bonferroni test for individual comparisons of mean values.
Results
Young intact and adult OV-X females
To compare the efficacy of ICI and EM, the two compounds were s. c. injected alone or in combination with Prog or E ( Fig. 1 and 2 ). As illustrated in Fig. 1 , increasing daily doses (5 and 25µg) ICI alone led to a significant and progressive inhibition of mammary and uterine growth (estrogen antagonist effect) in young intact females. EM, on the other hand, had no significant effect on both mammary and uterine growth.
In adult OV-X females both ICI alone and EM alone had no significant effect on mammary growth. Uterine growth was not affected by ICI alone, whereas it was significantly stimulated (estrogen agonist effect ) by EM alone.
In Prog treated young intact and adult OV-X females ICI inhibited both mammary and uterine growth. EM, on the other hand, had no effect on both mammary and uterine growth in young intact females but in adult OV-X females stimulated both mammary and uterine growth (estrogen agonist effect) (Fig. 2) .
Both ICI and EM inhibited E (at daily dose 0.01 µg) stimulated mammary and uterine growth in young intact and adult OV-X females. In adult OV-X females treated with high daily dose 0.1 µg of E, mammary growth was not affected by EM at daily doses 5 and 10 µg, however, uterine weights were decreased by dose-dependent manner.
Young intact and adult castrated males ICI and EM alone, and ICI or EM plus Prog had no effects on mammary growth in both young intact and adult castrated males (Fig. 3 and 4) . The stimulatory effects of E in the mammary glands are efficiently neutralized by coadministration of ICI or EM (an antiestrogenic effect).
Seminal vesicle weights were increased by ICI alone or by a combination of ICI plus Prog or ICI plus E in prepubertal males (an antiestrogenic effect) but not in adult castrated animals (Fig 3) . EM alone had no effect on seminal vesicle weights both in young intact and adult castrated males. In Prog treated young intact males EM increased seminal vesicle weights (an antiestrogenic effect). However, in E treated young intact males EM caused decrease (an estrogenic effect) in seminal vesicle weights. No such stimulatory or inhibitory effects of EM was noted in adult castrated males treated with Prog or E.
Discussion
EM and its active metabolite EM-652 have been shown to exert pure antiestrogenic activity in both human and mouse mammary gland and uterus while being the most potent SERM in the prevention of loss of bone mineral density and as a lowerer of serum cholesterol (Martel et al. 1998; Labrie et al. 1999 Labrie et al. , 2003 . The present data clearly demonstrate that under certain conditions EM possess mixed agonist and antagonist activity also in the mammary gland, uterus and seminal vesicles. EM alone increased uterine weight in adult OV-X females and thus, showing an estrogenic activity. The intrinsic estrogenic activity of EM was also demonstrated in the mammary gland and uterus of Prog treated adult OV-X females and in seminal vesicles of E treated young intact males. Contrary to EM, ICI always decreased mammary growth, uterine weight and increased seminal vesicle growth under similar conditions, thus showing no intrinsic estrogenic activity in mice similarly as it was demonstrated in rats, pigs, monkey and woman (Wakeling et al. 1991; Dukes et al 1993; Branham et al. 1996; Thomas et al 1996; Tarleton et al. 1999) . However, in sheep ICI acts like E agonist by increasing redness and endometrial weights and oxytocin and prostaglandin F2α secretion (All-Matubsi et al. 1998; Robertson et al. 2001) . These facts clearly indicate a true species difference of sheep with rodents, pig, monkey and human species. On the other hand, 4-OH-tamoxifen, an antiestrogen widely used for the treatment of breast cancer in women (Macgregor and Jordan, 1998) , behaves in the mouse uterus as relatively potent estrogen both when injected alone and in combination with E, Prog or E plus Prog (Köhlerová and ·karda 2004) .
EM decreased mammary and uterine growth in young intact females treated with low daily dose of E (0,1µg). EM was able to inhibit uterine growth but not mammary growth in adult OV-X females. These results demonstrate that antiestrogenic activities of EM in the mammary gland could be seen only in animals treated with submaximal doses of E. Extremely high doses of E overload the organism, so that antiestrogens do not have the ability to compete with E for ER and to decrease mammary growth.
In young intact, but not in adult castrated males, ICI increased seminal vesicle growth affected by both endogenous and exogenous (Prog or E) hormones and EM increased growth of seminal vesicles in Prog treated prepubertal males. Thus, the antiestrogenic effect of ICI and EM on seminal vesicles is dependent on the presence of testes and could be related to inhibition of both estrogen synthesis in the Sertoli, Leydig and germ cells of testes (Hess et al. 2001 ) and estrogen action in seminal vesicles.On the other hand, EM synergized with E in decreasing seminal vesicle weights and thus showing estrogenic activity.
In conclusion pure steroidal antiestrogen ICI, decreased mammary and uterine growth stimulated by endogenous hormones in young intact females and by exogenous hormones (Prog or E) in both young intact and adult OV-X females. Nonsteroidal antiestrogen EM, on the other hand, had no effect on mammary and uterine growth stimulated by endogenous hormones in young intact females and in mammary gland of adult OV-X females. However, uterine growth in adult OV-X females was stimulated by EM alone and a combination of EM plus Prog stimulated not only uterine growth but also mammary growth, thus showing estrogenic agonist activities. EM showed antiestrogenic activities in the mammary gland of young intact females and in uterus of both young intact and adult OV-X females treated with E. In males, ICI and EM decreased mammary growth stimulated by exogenous E in both young intact and adult castrated animals. ICI also showed an antiestrogenic activity in seminal vesicles of both E or Prog treated young intact males. However, EM showed both antiestrogenic activity in seminal vesicles of Prog treated animals and an estrogenic activity in E treated animals.
Rozdílné schopnosti steroidního (ICI 182 780) a nesteroidního (EM-800) antiestrogenu inhibovat rÛst reprodukãních orgánÛ samcÛ a samic my‰í.
Zmûny v rÛstu mléãné Ïlázy, dûlohy a semenn˘ch váãkÛ byly pouÏity k identifikaci aktivit antagonistÛ estrogenÛ v podmínkách in vivo. Na ãtyfiech modelech ( mladé intaktní a dospûlé gonadektomované samice a samci my‰í) byly testovány úãinky samotn˘ch antagonistÛ a kombinací antagonistÛ s estradiolem (E) nebo progesteronem (Prog). ICI 182 780 (ICI) se vÏdy choval jako antiestrogen: rÛst mléãné Ïlázy intaktních prepubertálních a dospûl˘ch ovariektomovan˘ch (OV-X) samic sníÏil ICI jak samotn˘, tak v kombinaci s E nebo Prog. Podobnû ICI sníÏil E stimulovan˘ rÛst mléãné Ïlázy intaktních prepubertálních a dospûl˘ch kastrovan˘ch samcÛ. Samotn˘ ICI sníÏil rÛst dûlohy u prepubertálních samic a ICI v kombinaci s Prog nebo E sníÏil rÛst dûlohy jak u prepubertálních, tak u dospûl˘ch OV-X samic. Hmotnost semenn˘ch váãkÛ mlad˘ch prepubertálních samcÛ ICI zv˘‰il a to jak samotn˘, tak v kombinaci s E nebo Prog. Naproti tomu samotn˘ EM-800 (EM) nemûl Ïádn˘ úãinek na rÛst mléãné Ïlázy i dûlohy prepubertálních samic, zatímco u dospûl˘ch OV-X samic samotn˘ EM rÛst dûlohy stimuloval a v kombinaci s Prog stimuloval nejen rÛst dûlohy, ale i mléãné Ïlázy. RÛst semenn˘ch váãkÛ je u E o‰etfien˘ch prepubertálních samcÛ EM sníÏen (estrogenní úãinky). E stimulovan˘ rÛst mléãné Ïlázy prepubertálních i dospûl˘ch gonadektomovan˘ch samic a samcÛ v‰ak EM sníÏil a podobnû EM sníÏil i E stimulovan˘ rÛst dûlohy prepubertálních a dospûl˘ch OV-X samic a naopak EM zv˘‰il rÛst semenn˘ch váãkÛ u Prog o‰etfien˘ch prepubertálních samcÛ (antiestrogenní úãinky).
